
I CLAIM: 

1 . A method of making a heat-resistant article of manufacture comprising: 

providing a first body of a first solid material having a first exposed surface thereon; 

providing a second body of a second solid material having a second exposed surface thereon; 

establishing a contact region between said second exposed surface and at least one part of 
said first exposed surface; and 

supplying a heat-resistant composite at said contact region to bond the at least one part of 
said first exposed surface to said second exposed surface at said contact region; 

said composite comprising a composite matrix and a plurality of non-segregating reinforcing 
elements substantially uniformly dispersed therein. 



2. The method as in claim 1 including stably and uniformly distributing said non- 
segregating reinforcing elements in said composite matrix. 

3. The method as in claim 1 including causing said composite to have a thermal 
conductivity which is significantly higher than that of said composite matrix. 

4. The method as in claim 1 including causing said composite to have a thermal 
conductivity which is at least 30% higher than that of said composite matrix. 
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5. The method as in claim 1 including causing said composite to have an anisotropic 
thermal conductivity with the maximum thermal conductivity oriented in a selected direction. 

6. The method as in claim 1 including causing said composite to have an electrical 
conductivity which is significantly higher than that of said composite matrix. 

7. The method as in claim 1 including causing said composite to have an electrical 
conductivity which is at least 30% higher than that of said composite matrix. 

8. The method as in claim 1 including causing said composite to have an anisotropic 
electrical conductivity with the maximum electrical conductivity oriented in a selected direction. 

9. The method as in claim 1 wherein: 

said reinforcing elements are solid reinforcing elements; and 

at least a majority of said solid reinforcing elements are selected from the group consisting 
of solid powders, hollow powders, solid fibers, hollow fibers, and combinations thereof 

10. The method as in claim I wherein: 

said reinforcing elements are solid reinforcing elements; p /' 

said composite matrix is a liquid having a specified density; and 

each of said reinforcing elements has an average density which is substantially equal to said 
specified density to ensure a stably non-segregating quality of said solid reinforcing elements in said 
liquid composite matrix thereby forming said solid-reinforced composite in a liquid form. 
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1 1 . The method as in claim 10 including: 

mixing said solid reinforcing elements in said liquid composite matrix to form said heat- 
resistant composite in a substantially uniformly distributed liquid suspension; and 

freezing said liquid-suspended solid-reinforced composite in a condition to keep said solid 
reinforcing elements in the same substantially uniformly distributed form. 

12. The method as in claim 1 1 wherein: 

said composite matrix consists essentially of a metal or an alloy thereof; and 
said solid-reinforced composite is a metal-matrix composite. 

13. The method as in claim 1 wherein said first body comprises a first part of an 
equipment and said second body comprises a second part of said equipment. 

14. The method as in claim 13 wherein said composite is a bonding composite which 
bonds said first body to said second body at the contact region on said equipment. 

15. The method as in claim 14 wherein said equipment is selected from the group 
consisting of automobile, computer, jet engine, electronic circuit assembly, and aerospace structure. 

16. A method as in claim 1 5 wherein: 

said first body has a coefficient of thermal expansion which is at least 100% greater than that 
of said second body; and 
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said equipment is subjected to at least a plurality of thermal cycles over a temperature range 
of at least -20 to 200°C causing a significant thermal mismatch stress in said composite at said 
contact region which would fail a conventional solid-reinforced composite with segregated 
reinforcing elements but is tolerable with the solid-reinforced composite with said substantially non- 
segregating solid reinforcing elements. 

1 7. A method of making a heat-resistant equipment comprising: 

providing an equipment having a frame; ^ 

providing an electronic circuit board rigidly mounted with a significant mounting stress 
applied onto, and at a designated contacting region on, said frame; 

said circuit board having a plurality of electronic circuit components fusion-bonded thereon; 

said circuit board consisting essentially of a ceramic or plastic board with a top major surface 
having a plurality of designated bonding regions for fusion-bonding said plurality of electronic 
circuit components; and 

supplying a fusible metal-matrix bonding composite, which comprises a composite matrix 
and a plurality of refractory reinforcing elements substantially uniformly and stably dispersed 
therein, for fusion-bonding said plurality of circuit components; 

said mounting frame, circuit board, and fusible metal-matrix composite at least comprising 
materials which, from one another, differ significantly in coefficients of thermal expansion to 
thereby produce significant thermal mismatch stresses at said bonding or contacting regions; 

said substantially uniformly and stably dispersed, refractory reinforcing elements in the 
bonding composite providing heat resistance to the bonding regions between the circuit components 
and the circuit board and, despite a combined presence of said mounting stress and said thermal 
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mismatch stress at said various bonded or mounted regions, making the equipment frame, the circuit 
board, and the circuit components heat-resistant. 

1 8. A heat-resistant article of manufacture-comprising: 

a first body of a first solid material having a first exposed surface thereon; 

a second body of a second solid material having a second exposed surface thereon; 

at least one part of said first exposed surface being in close proximity with said second 
exposed surface to thereby form a contact region therebetween; and 

a heat-resistant composite at said contact region to bond the at least one part of said first 
exposed surface to said second exposed surface at said contact region; 

said composite comprising a composite matrix and a plurality of substantially non- 
segregating solid reinforcing elements substantially uniformly dispersed therein. 

1 9, An article of manufacture as in claim 1 8 in which said solid reinforcing elements are 
selected from the group consisting of solid powders, hollow powders, solid fibers, hollow fibers, and 
combinations thereof. 

20. An article of manufacture as in claim 1 8 in which: 

said composite matrix is a liquid having a specified density; and 

each of said reinforcing elements has an average density which is substantially equal to said 
specified density to ensure a substantially non-segregating quality of said solid reinforcing elements 
in said liquid composite matrix thereby forming a solid-reinforced composite in a stable liquid 
suspension form. 
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21. An article of manufacture as in claim 20 in which: 

the plurality of said solid reinforcing elements substantially uniformly dispersed in said 
liquid composite matrix is subsequently frozen in a condition to maintain said solid reinforcing 
elements in the same substantially uniformly dispersed form in said composite matrix. 

22. An article of manufacture as in claim 18 in which: 

said composite matrix consists essentially of a metal or an alloy thereof; and 
said solid-reinforced bonding composite is a metal-matrix composite. 

23. An article of manufacture as in claim 1 8 in which: 

said first body comprises a first part of an equipment and said second body comprises a 
second part of said equipment; 

said bonding composite bonds said first body to said second body. 

24. An article of manufacture as in claim 23 in which said equipment is selected from the 
group consisting of an automobile, a jet engine, a computer, an electronic circuit assembly, and an 
aerospace structure. 

25. An article of manufacture as in claim 23 in which: 

said first body has a coefficient of thermal expansion which is at least 100% greater than that 
of said second body; and 

said equipment is subjected to at least a plurality of thermal cycles over a temperature range 
of at least -20 to 200°C producing a significant thermal mismatch stress in said composite at said 
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contact region that would fail a conventional solid-reinforced composite with segregated reinforcing 
elements but is tolerable with the solid-reinforced composite with non-segregating reinforcing 
elements. 

26. A heat-resistant equipment comprising: / 

an equipment having a mounting frame and an electronic circuit board rigidly mounted, with 

a significant mounting stress, at a designated contacting region on the frame; 

said circuit board consisting essentially of a ceramic or plastic board with a top major surface 

which has a plurality of designated bonding regions for locating thereat a plurality of electronic 

circuit components; and 

a fusible metal-matrix bonding composite comprising a composite matrix and a plurality of 
solid refractory reinforcing elements substantially uniformly and stably dispersed therein; 

said bonding composite fusion-bonding said plurality of circuit components onto the top 
major surface of said circuit board at said designated bonding regions; 

said mounting frame, circuit board, and bonding composite having materials which, among 
one another, differ significantly in coefficients of thermal expansion to thereby introduce a 
significant thermal mismatch stress at said bonding or contacting regions; 

said substantially uniformly and stably dispersed, solid refractory reinforcing elements in the 
bonding composite providing heat resistance to the bonding regions between the. circuit components 
and the circuit board and, despite a combined presence of said mounting stress and said thermal 
mismatch stresses at said various bonding or contacting regions, making said equipment in its entity 
including the mounting frame, the circuit board, and the circuit components heat- 
resistant. 
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27. A method of making substantially non-segregating solid reinforcing elements for 
suspension in a liquid bonding composite matrix of a preselected liquid density <!„, for use in a heat- 
resistant equipment, said equipment containing a plurality of electronic circuit components mounted 
or bonded on an electronic circuit board on said equipment, comprising: 

supplying for each of a plurality of said solid reinforcing elements a respective solid inner 
core material of a selected shape and having a preselected average volume v„ a preselected average 
density d, and a preselected average weight w,; 

providing on each of said respective inner core material a respective solid outer shell material 
having a preselected average volume v 2 , a preselected average density d 2 and a preselected average 
weight w 2 ; and 

adjusting the values of v 2 and v„ so that each of said reinforcing elements has an average 
weight of v, d, + v 2 d 2 which is substantially equal in weight to that of a volume v, + v 2 of said 
liquid bonding composite matrix having said preselected liquid density d ro to thereby achieve a 
substantially non-segregating quality of said solid reinforcing elements when suspended in said 
liquid bonding composite matrix, thereby forming a solid-reinforced bonding composite containing 
said plurality of reinforcing elements substantially uniformly distributed in said composite matrix 
in a liquid suspension form. 

-* 

.*"• 

28. The method as in claim 27 including solidifying said liquid bonding composite 
suspension containing said substantially non-segregating solid reinforcing elements therein under 
a condition sufficient to achieve said substantially uniform distribution of said solid reinforcing 
elements in said solidified bonding composite. 
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29. The method as in claim 28 including: 

providing a composite mold having a specified internal shape for the liquid composite 

suspension to freeze therein; and 

introducing said liquid composite suspension into said composite mold; and 

solidifying said liquid composite suspension whereby the solidified solid-reinforced 

composite has the same outer shape as the internal shape of said liquid composite mold. 

30. The method as in claim 29 wherein: 

the specified internal shape of said composite mold is in the form of a donut-shaped space 
between an outer cylinder and an inner rod generally concentric to said outer cylinder; and 

including causing said liquid composite suspension to freeze in said composite mold to 
thereby at least form a frozen, generally cylindrical solid composite tube. 

31. A method of making a heat-resistant metal-matrix composite comprising: ^ 
supplying a matrix of a metal or an alloy thereof; 

providing a plurality of substantially non-segregating, solid reinforcing elements; and 
stably dispersing the plurality of said solid reinforcing elements substantially uniformly in 

said metal matrix to form a metal-matrix composite; 

said non-segregating reinforcing elements consisting essentially of a material significantly 

more heat-resistant than said composite matrix to thereby make the resultant metal-matrix composite 

also heat-resistant. 
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32. The method according to claim 3 1 including providing a composite mold having a 
specified internal shape for the liquid composite suspension to freeze therein; and 

introducing said liquid composite suspension into said composite mold to thereby solidify 
said liquid composite suspension so as to assume the internal shape of said composite mold whereby 
the solidified solid-reinforced composite has the same outer shape as the internal shape of said liquid 
composite mold. 

33. The method according to claim 32 wherein: 

the specified internal shape of said composite mold is in the form of a donut-shaped space 
between an outer cylinder and an inner rod generally concentric to said outer cylinder; and 

including causing said liquid composite suspension to freeze in said composite mold to 
thereby at least form a frozen, generally cylindrical solid composite tube. 

34. A heat-resistant metal-matrix composite comprising: 
a matrix of a metal or an alloy thereof; and 

a plurality of substantially non-segregating, solid reinforcing elements stably dispersed 
substantially uniformly in said metallic matrix thereby forming a metal-matrix composite; 

said non-segregating reinforcing elements consisting essentially of a material significantly 
more heat-resistant than said composite matrix to thereby make the resultant mgfal-matrix composite 
also heat-resistant. 
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35. A composite as in claim 34 in which said solid reinforcing elements provide 
mechanical reinforcement to thereby significantly increase mechanical strength of said metal-matrix 
composite. 



36. A composite as in claim 34 in which said solid reinforcing elements provide thermal 
reinforcement to thereby significantly increase thermal conductance of said metal-matrix composite. 

37. A composite as in claim 34 in which said solid reinforcing elements provide electrical 
reinforcement to thereby significantly increase electrical conductance of said metal-matrix 
composite. 

38. A composite as in claim 34 in which said solid reinforcing elements provide both 
mechanical and thermal reinforcement to thereby significantly increase both mechanical strength and 
thermal conductance of said metal-matrix composite. 

39. A composite as in claim 34 in which said solid reinforcing elements provide 
mechanical, thermal, and electrical reinforcement to thereby significantly increase mechanical 
strength, thermal conductance, and electrical conductance of said metal-matrix composite. 

40. A composite as in claim 34 in which said solid reinforcing elements provide 
reinforcement to the metal-matrix composite to thereby significantly improve at least one physical 
property selected from the group consisting of mechanical property, thermal conductance, electrical 
conductance, and heat resistance; and 
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41 . A composite as in claim 40 in which said at least one property is anisotropic and 
oriented in a selected direction. 

42. The method according to claim 31 wherein said solid reinforcing elements consist 
essentially of a reinforcing material which has a density within 10% of that of said metal matrix in 
a liquid form; and said metal matrix consists essentially of a lead-free alloy having a melting point 
no more than about 300°C. 

43. The method according to claim 3 1 wherein: 

said sollid reinforcing elements consist essentially of a reinforcing material which is 
selected from the group consisting of a single metal, an alloy of a metal, and a mixed or collected 
mineral or rock not artificially processed except for selecting, sorting, surface cleaming and 
packaging. 
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